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(57) Ensembie catheter spccialement adapts pour 
rinjection dc liquides therapeutiques, comme des 
solutions d'ADN, dans la region du rnyocarde d'un 
patient. Oct ensemble comprend : une sonde-guide 
allongec permettant uric insertion a travers une artere du 
patient situe* pres du rnyocarde; un reservoir contenant 
!e liquids tbc7apcutiqiie a ('extremity distale de la sonde- 
guide; une ou plusieurs aiguilles d' injection en sailh'e 
depuk VtAtrtmte distale de la sonde-guide et en libre 
communication avec le reservoir, I* importance dc la 
saillie de Taiguille permettant une penetration mais non 
un passage a travers b paroi myocardique; un dispositif 
de fonctionnement permr .ant d'administrer une quantity 
prfde*terminee de liquide therapcutique depuis le 
reservoir, a travers les aiguilles. 



(57) A catheter assembly especially adapted for injecting 
therapeutic liquids such as DNA solutions to a patient's 
myocardium comprises an elongated guiding catheter for 
insertion through a patient's artery to the vicinity of the 
myocardium, a reservoir for therapeutic liquid at the 
distal end of the guiding catheter, one or more injection 
needles protruding from the distal end of the guiding 
catheter and in fluid communication with the reservoir, 
the extent of needle protrusion being appropriate for 
penetration of but not passage through the myocardial 
wall, and operating means for delivering a predetermined 
quantity of therapeutic liquid from the reservoir through 
the needles. 
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ABSTRACT OF THE DISCLOSURE 

A catheter assembly especially adapted for 
injecting therapeutic liquids such as DNA solutions to a 
patient's myocardium comprises an elongated guiding cathe- 
ter for insertion through a patient's artery to the vicin- 
ity of the myocardium, a reservoir for therapeutic liquid 
at the distal end of the guiding catheter, one or more 
injection needles protruding from the distal end of the 
guiding catheter and in fluid communication with the 
reservoir, the extent of needle protrusion being appropri- 
ate for penetration of but not passage through the 
myocardial wall, and operating means for delivering a 
predetermined quantity of therapeutic liquid from the 
reservoir through the needles. 
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CATHETERS 

FIHLD OF THE IMVE»n7QW 

This invention relates to delivery systems for 
drugs or biologicals, and more specifically to catheter 
systems for the delivery of drugs or biologicals to spe- 
cific internal organs of the body, in precise, predeter- 
mined manner. 

BACKGROUND OP THE irVKNTIOH 

Catheters are, essentially, elongated flexible 
narrow-bore tubes used to gain access to body organs from 
the exterior of the body, through the body's natural ducts. 
They may be inserted, for example, through a patient's 
urethra to enter the bladder, to drain fluids therefror. or 
to deliver fluids thereto. They may be inserted into a 
major artery, and fed through the artery a considerable 
distance, e.g. to the vicinity of the heart. Instead of 
being used for the delivery or collection of fluids, they 
may be equipped with medical devices so that a specific 
medical procedure can be performed at a particular location 
of the artery, such as an angioplasty to relieve an oc- 
cluded or partially occluded artery. 

Accordingly, catheters have a number of very 
demanding technical criteria to meet. They must be flexi- 
ble enough and thin enough to accommodate the contours of 
the body duct, without causing internal damage. They must 
provide reliable fluid communication over substantial 
distances. They must exhibit a high degree of 

biocompatibility. Their distal ends must be equipped with 
appropriate apparatus to perform their intended function. 
Commonly, such apparatus must be arranged so as to be 
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operable from outside the patient's body, after insertion 
of the catheter to its correct location. 

There are instances where, for critical therapeu- 
tic purposes, it is necessary to inject a patient's 
myocardium with a therapeutic fluid, such as a DNA solu- 
tion, in very small amountB and at a precise location. The 
myocardium is the middle, cardiac muscle portion of the 
heart wall, surrounding the heart chambers. it is the 
thickest part of the heart wall, having a maximum thick- 
ness, in the ventricle walls, of about 2.5 cm. Blood 
vessels permeate the myocardium. The capillary beds 
therein are so extensive that more oxygen is released in 
the myocardium by the circulating blood than in any other 
organ of the body. Localized treatment of the myocardium 
to treat muscular damage thereto, e.g. with therapeutic 
substances, is sometimes needed. Very precise control over 
the location and delivery of such therapeutic substances is 
accordingly necessary. Very small amounts of very expen- 
sive therapeutic substances such as up to 0.05 ml of DNA 
solution are often required to be delivered, with precise 
control over location and quantity. 

It is an object of the present invention to 
provide a novel catheter for fluid delivery to internal 
organs of a mammalian body. 

It is a further object of the invention to 
provide a catheter specifically adapted for delivering 
fluids to the myocardium. 
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SUMMARY OR THK TtfVByrj^ 

The present invention provides a novel form of 
fluid delivery catheter assembly capable of delivering 
therapeutic fluids to a precisely controlled, predetermined 
location of an internal organ of the body such .is the 
myocardium. The fluid delivery catheter assembly comprises 
(a) an elongated flexible biocompatible tube effectively 
constituting a guiding catheter; (b) one or more injection 
needles at the distal end of the guiding catheter, the 
needles carefully arranged so that they can be inserted 
into, but will not protrude through, an internal organ wall 
such as a patient's myocardium; and (c) a reservoir adapted 
to contain therapeutic fluid, carried by the catheter and 
in fluid communication with the injection needles. An 
operating means is provided which can be operated exteri- 
orly of the body being treated, when the catheter is in 
place, to deliver a predetermined quantity of fluid from 
the reservoir to and through the needles. The catheter 
assembly is adapted for insertion through a vascular 
structure of the body, to an internal organ. In the case 
of treatment of the myocardium, the catheter assembly may 
be inserted through either of the right or left femoral 
vein or right or left jugular vein into the right ventri- 
cle, to effect injection into the ventricular septum. 
Alternatively, the catheter assembly can be deployed in the 
left ventricle, with approach through either right or left 
femoral artery or right or left brachial artery, and 
injection in either ventricular septum or anterior or 
inferior or posterolateral left ventricular free wall. The 
shape of the distal end portion of the catheter assembly 
can be arranged to meet the manner of intended approach and 
injection. 
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Figure 1 is a diagrammatic four-chamber view cf 
a human heart, and illustrating diagrammatically and in 
broken lines three alternative ways for insertion of a 
catheter according to the invention; 

Figure 2 is a detail diagrammatic view of the 
distal end portion of a Catheter according to a specific 
preferred embodiment of the invention; 

Figure 3 is a general diagrammatic view of the 
catheter of Fig. 2, in two alternative forms thereof; 

Figures 4A, 4B and 4C comprise three sequential 
diagrammatic views of the distal end of the catheter of 
Figs. 2 and 3, showing different stages of the operation 
thereof ; 

Figure 5 is a diagrammatic detailed view of the 
distal end of a catheter according to a second embodiment 
of the invention; 

Figures 6 and 6A are diagrammatic detailed views 
of a third embodiment of the invention; 

Figures 7A and 7B are diagrammatic detailed views 
of the distal end and operating means of a fourth embodi- 
ment of the invention; 

Figures 8A and 8B are diagrammatic, cross-sec- 
tional views of the distal end of a fifth embodiment of the 
invention, in two different operational positions; and 
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Figure 9 is a diagrammatic cress-sectional view 
of a sixth embodiment of the invention. 

PBgCEIFTXOK OP TOT PR3FBRRRD RMBODIMgHTfl 

5 

One preferred form of reservoir for U6e in the 
fluid delivery catheter of the present invention is a 
cartridge, removably and slidably mounted in the distal end 
portion of the guiding catheter. Such a cartridge is 

10 suitably cylindrical, so as to fit slidably inside the 
distal end portion of the guiding catheter, and to be 
moveable towards and away from the distal end of the 
guiding catheter. It is thus a custom made unit, sized so 
as to contain from 0.05-10 ml of fluid. Most preferably, 

15 its proximal end is in the form of reciprocal plunger, 
adapted to move in increments towards the distal end of the 
cartridge . 

The distal end of the cartridge i9 suitably 
20 equipped with a mounting plate carrying one or more needles 
which protrude distally therefrom a suitable distance for 
effective fluid delivery as required, namely 1-8 rran. The 
needles have central boras which communicate with the 
interior of the cartridge, and one or more (up to about 10) 
25 outlet openings in the length of their extent beyond the 
distal end of the cartridge. Thus the outlet openings may 
be disposed radially or axially of the need.e. In such an 
arrangement, each incremental movement of the plunger 
toward the distal end of the cartridge can cause the 
30 expulsion through the injection needle (s) of a predefined 
aliquot of liquid, e.g. of volume 0.05-0.5 ml, from the 
cartridge . 
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Other preferred embodiments of the invention have 
the reservoir in the form of a chamber in an interior 
injection catheter,, in fluid communication with the injec- 
tion needle (s), the injection catheter being adapted to be 
received within the guiding catheter. Biological fluid may 
be expelled from the chamber through the injection nee- 
dle(s), in known, predetermined amounts, by application of 
pressure to the fluid in the chamber. This can be accom- 
plished, for example, by compressing the chamber by appli- 
cation of external pressure to resilient walls of the 
chamber, or by direct application of fluid pressure to the 
liquid in the chamber from the proximal end of the catheter 
assembly. 

Some preferred embodiments of the invention 
include a guide wire extending along the inside length of 
the guiding catheter and through the reservoir and needle. 
This guide wire is moveable lengthwise relative to the 
guiding catheter. It can be arranged to protrude distal ly 
beyond the distal end of the guiding catheter. Such a 
guide wire, being of smaller diameter, is more f lexible and 
capable of more intricate shaping than the guiding cathe- 
ter, e.g. into sharper curved shapes, necessary to allow 
contact with portions of the myocardial wall which present 
access difficulties. When, for example, access to the 
myocardial wall of the left ventricular chamber via the 
aortic valve is required, the catheter must negotiate 
fairly sharp curves in the artery for access. A flexible, 
shape assuming guide wire as the leading element of the 
catheter of the present invention in such an arrangement is 
advantageous in such applications, when the guide wire has 
been placed in position against the myocardial wall, the 
guiding catheter and associated reservoir can be moved 
along it, ready for injection of drug. The guide wire 
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suitably protrudes also from the proximal end of the 
guiding catheter, so that the operator can use both the 
guide wire and the guiding catheter to insert and place the 
catheter in the correct position. In some embodiments, the 
5 guide wire can also act as a stiffener for the guiding 
catheter. Suitable guide wires are available on the 
market . 

Some preferred embodiments of the invention 
10 suitably includes an injection catheter disposed inside the 
biocompatible tube and extending along the length thereof. 
When the embodiment includes a cartridge with a reciprocal 
plunger, the injection catheter may have its distal end 
connected to the plunger comprising the proximal end of the 
15 cartridge, so that the injection catheter effectively forms 

part of the operating means. it is connected at or near 
its proximal end to a fluid pressure injeccor so that the 
plunger can be moved hydraulically by means of a syringe or 
similar device, to deliver fluid from the cartridge to the 
20 needles. 

The biocompatible tube comprising the guiding 
catheter is suitably made of polyethylene, or other suit- 
able artificial plastic substance with appropriate flexi- 

25 bility and biocompatibility such as nylon, polypropylene, 
etc. Typically, it has a length between 1 metre and 2 
metres, and a diameter between 4 P and 8 F (1.5 - 3.0 mm) . 
It may have a central lumen to accommodate an injection 
catheter and a distal end portion for containment and 

30 deployment of drug delivery components. The distal end 
portion of this guiding catheter, of length approximately 
1-15 cm, may have a variety of different shapes, to facili- 
tate reaching a particular myocardial wall for which it is 
employed. The individual shapes are largely determined by 
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the approach which the operator intends to take, to the 
treatment of the internal organ such as the myocardium, and 
the disposition of the portion of the organ which it is 
intended to penetrate and treat. Thus the distal end 
portion thereof may comprise a straight catheter, or a 
curved portion with the arc of curvature varying between 30° 
and 180°. It can be of S-shape with varying degrees of arc 
in the proximal portion and the distal portion of this end 
portion. The distal endmost portion can be U-shaped, over 
its 0.5-2.0 cm distal tip length, with varying degrees of 
the arc. ic can have more than one angularly disposed 
portion, with a first, proximal end angulation in the range 
90-160° and the second, distal end angulation portion being 
in the range 100-170°. The distal tip of the guiding 
catheter may be straight or angular with respect to its 
length, with angles varying between 90° and 160°. 

A special type of guide wire for use in the 
present invention, in a preferred embodiment thereof, 
includes a screw attached to its distal end, adapted to 
protrude beyond the distal end of the cartridge and the 
guiding catheter so as to be available for direct contact 
and attachment to the myocardial wall. This allows for 
accurate placement of the catheter on the myocardial wall, 
and retention in place of the apparatus on the preselected 
portion of the myocardial wall while the injection of fluid 
from the cartridge into the myocardium takes place. 

A feature of the preferred catheter assemblies of 
the invention is the limitation of the protrusion of the 
injection needles to not more than about 2.5 cm, most 
preferably not more than about 3 mm. beyond the distal end 
thereof, even when fully extended. This ensures proper 
penetration into the thickness of the myocardium for 
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treatment thereof, e.g. to repair damaged vessels, without 
risk of full penetration through the entire thickness of 
the myocardium. Means for monitoring the position and 
penetration of the injection needles may be included on the 
5 assembly, such as tip electrodes on the needles and refer- 
ence electrodes on the body of the assembly which, with 
appropriate, standard electrical circuitry will give the 
operator an audible or visible signal when contact and/or 
appropriate penetration of the treatment site has been 
10 achieved. Parts are also (or alternatively) rendered 
radiation opaque so that the operation of the catheter 
assemblies according to the invention can be monitored on 
screen as it is conducted. 

15 SPECIFIC DESCRIPTION OP THK MOST PREFERRED EMBODIMENTS 

Figure 1 of the accompanying drawings 
diagrammatical ly illustrates the human heart, and three 
alternative ways in which catheters of the present inven- 

20 tion may be inserted, to permit injections into the 
myocardium at different general locations. The heart has 
four chambers, namely a right atrium 10, a left atrium 12, 
a right ventricle 14 and a left ventricle 16. The ventri- 
cles are capable of a pumping action, and are lined with a 

25 muscular wall, the myocardium, which creates the pumping 
action. Treatment of the myocardium to improve or repair 
its function is sometimes necessary. The present invention 
provides catheters suitable for this purpose. 

30 The superior vena cava 18 is a main bciy vein, 

communicating with the right atrium 10, which in turn 
communicates via the tricuspid valve 20 with the right 
ventricle 14. The inferior vena cava 24 if another main 
body vein communicating with the right atriim 10. Accord- 
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ingly, a catheter according to the invention can be in- 
serted into the right ventricle 14 for treatment of its 
myocardial wall either via superior vena cava 18 and 
tricuspid valve 20. as indicated by broken line Cx . 
Alternatively, it can be inserted through the inferior vena 
cava 24, right atrium 10 and tricuspid valve 20. into right 
ventricle 14, as indicated by broken line C2 . The left 
ventricle 16 is similarly accessible through femoral artery 
22, left atrium 12 and aortic valve 26 as indicated by 
broken line 23. 



Figure 2 of the accompanying drawings shows 
diagrammatically the distal end portion of a catheter 28, 
according to a preferred embodiment of the invention, its 
distal end portion 30 contains a reservoir 32 in the form 
of a cartridge slidable within the distal end 30 of the 
catheter 28. Protruding from the end of the cartridge 32 
to the distal end 34 of the catheter is a needle 36 in 
communication with the interior of the cartridge 24. 
Within the cartridge 32 is a plunger 38 which can move up 
and down within the cartridge 32 and closely engages the 
interior walls of the cartridge 32 in a slidable manner. 
The plunger 38 may be mounted on an operating wire 40, or 
in the alternative with a conduit catheter 46, either of 
which extends through the length of the catheter 28 to its 
proximal end, where it is operatively associated with a 
mechanical device or hydraulic device respectively, adapted 
to move the cartridge 32 towards the distal end 34 of the 
catheter 28 and, at the termination of that movement as 
described below, to move the plunger 38 within the car- 
tridge 32 towards the distal end 34 cf the catheter 28. to 
push the contents of the cartridge 32 into and thro igh the 
needle 36. 
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Thus, referring to Figure 3 f the complete cathe- 
ter 28 has, at its proximal end, on~ of two alternative 
operating mechanisms. The first is a hydraulic system 
where the proximal end of the catheter has a source of 
hydraulic pressure in the form of a hydraulic syringe 44 
supplying hydraulic fluid to a conduit catheter 46 which 
extends to engage the plunger 38 within the cartridge 32. 
The second is a mechanical, wire activated system in which 
a scissor- type assembly 48 (or similar device such as a 
"loop and ring) is attached to one end of operating wire 
40, to move it up on mechanical closure of the scissor 
handles 48 to move the plunger 38 attached to t-he distal 
end of the wire 40. The first portion of such movement, 
when the distal end 34 of the catheter is in contact with 
the wall of the body organ at the required position, serves 
to move the cartridge 32 relative to the catheter 26 
towards the distal end 34 of the catheter, and to cause 
penetration of the needle 36 into the body organ walls such 
as the myocardium, to an extent limited by the length of 
the needle 36. Once the needle 36 has achieved full 
penetration, further movement of the plunger 38 takes place 
within the cartridge 32, and relative thereto, to expel the 
liquid contents from the cartridge through the needle 36 
inr.o the penetrated body wall. 

This is further diagrammatically illustrated in 
Figure 4. In Figure 4A, the distal end 34 of the catheter 
28 is positioned against the myocardium 52 to be injected. 
The cartridge 32 is withdrawn within the distal end portion 
34 of the catheter, and the plunger 30 is positioned 
towards the proximal end of the cartridge 32. On opera- 
tion, the operating wire 40 moves towards the proximal end 
34 of the catheter, the cartridge 32 moves towards the 
distal end, with the plunger 38 remaining at the proximal 
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end of the cartridge 32, so that the needle 36 penetrates 
the myocardium, thereby assuming the position shown in 
Figure 4B. The next operation cannot cause any further 
movement of the cartridge 32 since it is already at the 
distal end 34 of the catheter 28 and in contact with the 
myocardium 52. Accordingly, this additional pressure 
causes rx>vement of the plunger 38 within the cartridge 32 
to expel therapeutic liquid from the cartridge through the 
needle 36 into the myocardium 52, as indicated in Figure 
4C. 

By appropriate choice of length of needle 36 in 
the catheter of the present invention, pewetration of the 
body organ wall such as the myocardium to an exactly 
predetermined extent can be arranged, so as to allow 
treatment of the myocardium 52 with therapeutic fluid 
without penetration thereof to the layers beyond. This 
makes the best possible use of the therapeutic fluid, and 
is particularly advantageous in the case of the use of very 
expensive therapeutic fluids such as DNA solutions for 
myocardial treatment. The apparatus can be arranged to 
deliver aliquots of fluid over volumetric range of 0.05 - 
1 cc*s. The apparatus can be arranged to deliver such an 
aliquot incrementally, by controlling the extent of move- 
ment of the plunger 36 within the cartridge 32. Thus there 
can be delivered a volume corresponding to the entire 
internal volume of the cartridge 32, or a carefully con- 
trolled portion thereof, depending upon the extent of 
movement of the plunger 38 therein. 

Figure 5 of the accompanying drawings shows the 
distal end portion of an alternative form of catheter 
according to the present invention, in which cartridge 32 
is alidable within a guide catheter 54 and is mounted at 56 
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on the end of an injection catheter 58 which ib moved by 
the operating means to position the cartridge 32 bo that 
the needle 36 carried by it bears against and penetrates 
the myocardium. As in the previously described embodiment, 
the cartridge 32 contains a slidable plunger 38. which can 
be moved in response to movements of the operator wire 40 
to expel liquid from the cartridge 32 through the needle 
36, in the manner described with reference to Fig. 4. 

Figures 6 and 6a show a further alternative 
embodiment, similar to th?.V shown in Fig. 5 but in which 
the cartridge 32 is equipped with a plurality of needles 36 
for injecting into the myocardium, and which is addition- 
ally provided with a guide w.re 60, extending through a 
centrally disposed tubular operating wire 40. The guide 
wire 60 extends beyond the distal end of the guide catheter 
54, through cartridge 32, to lead the catheter into posi- 
tion against the myocardial wall 52. This facilitates 
access to parts of the myocardium where the catheter must 
make relatively sharp angled bends. When the guide wire 60 
is in position against the myocardium, the operator can 
cause the guide catheter 54 and associated structure to 
slide along the guide wire 60 into position, and then the 
operator wire 40 can be operated to move first the car- 
tridge 32 distally and then the plunger 39 distally within 
the cartridge 32, as indicated in Fig. 6A, and according to 
the steps illustrated in Fig. 4. 

Figures 7A and 7B show alternative operating 
systems for use with catheters previously described. Both 
show the Fig. 6 embodiment. in Pig. 7A, the operating 
means for the plunger 38 and cartridge 32 is a mechanical 
scissors-style pivoted handle 62. one jaw of which is 
connected to operator wire 40 and the other to catheter 54, 
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for relative movement thereof on pivoting the handl« 62, 
through the operating stages shown in Fig. 4. 

In Pig. 7B, the operator means is a hydraulic 
syringe 54 with a piston 66, the operation of which deliv- 
ers hydraulic fluid under pressure through a conduit 
catheter, to move the cartridge 32 and plunger 38 through 
the operating stages shown in Fig. 4. 

In alternative arrangements, the needle may be 
provided with a series of outlets, along the length 
thereof, as well as an ourlet in its end tip. The needle 
may be designed in the form of a screw so that it can be 
used to penetrate and attach itself and the cartridge 
containing the drug airectly to the myocardium. This 
arrangement secures the intramyocardial injection either 
through the end ho^e or through the end hole and side holes 
of the screw like needle. 

In addition, a special type of guide wire may be 
used which contains a screw attached to its end to allow 
direct contact and attachment to the myocardial wall using 
the guide wire. Such a guide wire can be advanced through 
the guiding catheter and injecting catheter and the car- 
tridge containing the drug, to be attached to the myocar- 
dial wall beyond the distal end of the catheter. After 
such attachment, direct intramuscular injection into the 
myocardial wall can be arranged. 

Many other practical embodiments are encompassed 
by this invention, those described and illustrated being 
non-limiting examples. For example, in one alternative 
specific embodiment of the invention, not illustrated, the 
catheter comprises a flexible tube with at least one hollow 
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injection needle mounted on and extending beyond its distal 
end, the needle or needles having an extent of protrusion 
of from about 1-8 mm. This length is chosen to be less 
than the thickness of myocardial wall. a guide wire 
extends through the length of the catheter, and through or 
around the needle, to lead the catheter into poaition 
against the selected portion of the myocardial wall. a 
mechanical operating means in the form of a syringe is 
provided at the proximal end, connected to an operating 
plunger at the distal end portion of the catheter. Thus, 
the portion of the catheter between the distal end thereof 
and the plunger provides the reservoir for therapeutic 
fluid carried by the catheter. Such an embodiment, omit- 
ting the guide wire, is described and illustrated below 
with reference to Pig. 9 of the accompanying drawings, in 
this embodiment, the catheter containing therapeutic fluid 
is led into position by the guide wire, further pushed by 
the operator until the needle (s) penetrate into the myocar- 
dial wall, and then the operating means is manually oper- 
ated to expel the therapeutic fluid through the needle (s) 
into the myocardium. The operation is monitored on screen, 
as it is performed, as in the case of operation of the 
various other embodiments disclosed herein. 

Figures 8A and 8B of the accompanying drawings 
diagranmaeically illustrate a further embodiment of the 
invention. instead of a cartridge, the reservoir for the 
therapeutic fluid to be injected comprises a chamber 70 at 
the distal end of the injection catheter 58. in fluid 
communication with and carrying an injection needle 36. 
The needle 36 extends beyond the distal end of the injec- 
tion catheter 58 a predetermined distance appropriate for 
injection of fluid into the myocardium, as previously 
described. The chamber 70 is defined by compressible side 
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wall 9 72 so that the chamber 70 can be compressed to expel 
the contents thereof through needle 36, as shown in Fig. 
8B, by application of external fluid pressure to the side 
walls 72. 

To accomplish this, the embodiment of Figs. 8A and 8B 
includes an outer tube 74 of brocompat ible material e.g. 
medical grade polyethylene, constituting a guiding cathe- 
ter, and an inner tube 76 constituting an injection cathe- 
ter and defining an annular space 78 between itself and the 
guide catheter. A source of fluid pressure e.g. compressed 
air can be connected to communicate with space 78, towards 
the proximal end of the catheter assembly, so as to pres- 
surize the space 78 when required. The side walls 72 
defining the chamber 70 are of softer material than that of 
the rest of the inner tube 76, although sealingly joined 
thereto, so that fluid pressure supplied to space 76 
compresses chamber 70 to expel the contents thereof through 
needle 36 when required, without affecting inner tube 76. 
In practice, fluid for injection such as genetic material 
is introduced into the chamber 70 by means of a small 
injection needle through needle 36, so as to fill chamber 
70. Then the injection catheter (inner tube 76) is 
introduced into the guide catheter tube 74, which may 
already be in place at the injection site. The injection 
catheter 76 is a sealing fit in the guide catheter 74. The 
injection catheter remains in the guide until it is posi- 
tioned properly. The needle then is advanced out of the 
guide to penetrate the myocardial wall, or other chosen 
injection site, and injection fluid in predetermined 
measured amounts can be expo lied through the needle 36 to 
the injection site at will, by supply of pressure to space 
78. Witn the guide catheter 74 still in pl^ce, the 
injection catheter can be removed and reloaded. 
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introduced into the guide catheter tube 74 which J 
already be i„ place at tne ^ »»* 

catheter 76 is a 8ealin g fit ,„ th " 6 injection 

inWn« v the 9Ulde ^theter 74. The 

led " re,Min8 in thC ^ -"I it is por- 

tioned properly. The needle then is advanced out of t he 

^asured I ^ ^V" 

oe expelled through the neerii* u .. 
the injection sit- at win v needle 36 to 

78 wit* "„ ' by QUPPly ° f P~«ure to space 

78 Hxth the guide catheter 74 still in pl , ce the 
-action catheter can be reeved and reloaded 
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Different relaxed sizes of chamber 70 can be 
adopted either by changing the diameter or by changing the 
length of the chamber, to accommodate different volumes of 
infection fluid. 

5 

The embodiment of Figs. 8A and 8B also optionally 
includes a recording electrode 80 in the form of a ring 
around the distal, penetrating end of needle 36, and a 
reference electrode 82 disposed some 10-15 cm from the tip. 

10 With suitable, standard electrical circuitry arrangements, 
the recording electrode 80 can give the operator a visible 
or audible signal to indicate contact of the tip of needle 
36 with the injection site or, alternatively, penetration 
thereof to the desired, predetermined depth, such as 2 mm, 

15 ao that the operation of the injection procedure can 
commence. Similar recording and reference electrodes can 
be included on th*? other illustrated embodiments of the 
invention. Distance markers can also be included in 
appropriate locations. 

20 

Figure 9 of the accompanying drawings illustrates a 
further embodiment of the invention. In this embodiment, 
the injection catheter 58 includes an injection lumen 84 of 
very small diameter, which serves as the reservoir for 

25 injection fluid and communicates with the injection needle 
36 protruding from its distal end a short, predetermined 
distance such as 2 run. The lumen 84 is defined by tubular 
aide wall 86, e.g. of nylon, dimension 0.05* x 0.010". 
This injection catheter 58 can be used with a guide cathe- 

30 ter of the type shown on item 74 on Figs. 8A and 8B. In 
operation, the lumen 84 is loaded with genetic injection 
fluid from its proxirrwil end using a syringe 88, until a 
meniscus is formed at the distal needle 36. Depending on 
the amount of injection material required, the syringe 88 
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can be left in place on the proximal end, for additional 
infections. Then the injection catheter is introduced 
through a guide catheter, positioned at the location for 
injection, and the injection catheter is advanced so that 
the needle 36 penetrates the location, e.g. the myocardium. 
The exact amount of fluid can then be injected by operation 
of the syringe 86 on the proximal end. The catheter 
assembly can then be moved to the next area for injection, 
and the process repeated. A catheter of this design may 
have a length of 100 cm and a lumen diameter of 0.01 inch, 
giving an approximate capacity of 0.05 cc of injection 
fluid. With such a small volume lumen, very little 
injection fluid is lost. 



WE CLAIM: 



1 A catheter assembly comprising: 

an elongated flexible biocompatible tube 
constituting a guiding catheter and having a proximal end 
portion and a distal end portion; 

a reservoir adapted to contain treatment fluid 
and disposed in the distal end portion of the guiding 
catheter; 

at least one needle adapted to protrude from the 
reservoir and beyond the distal end of the guiding catheter 
to a predetermined extent; 

said at least one needle having a bore with an 
inlet cocrmuni eating with the reservoir and an outlet 
disposed distally beyond the distal end of the guiding 
catheter; 

operating means for delivering a predetermined 
quantity of treatment fluid from the reservoir through the 
needle outlet. 

2 - A catheter assembly of claim l wherein said 
operating means is operable to change the volume of said 
reservoir so as to expel the contents thereof through said 
at least one needle in predetermined quantity. 

3 - The c»Ch»ter assembly of claim 2 wherein oaid 
reservoir comprises a cartridge having a distal end wall 
carrying said at least one needle and a proximal end wall 
constituted by a movable plunger connected to said operat- 
ing means . 

4 - The catheter assembly of claim 3 wherein said 
cartridge is movable axial ly with respect to the guiding 
catheter in response to operation of the operating means. 
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5. The catheter assembly of claim 2 including an 
injection catheter disposed within and axially movable 
relative to said guiding catheter in response to operation 
of said operating means, said injection catheter 

5 incorporating the reservoir and means for changing the 
volume of the reservoir. 

6. The catheter assembly of claim 5 wherein the 
reservoir comprises a generally cylindrical chamber having 

10 a distal end wall carrying said at least one injection 
needle, and a proximal end wall movable axially within the 
chamber in response to operation of the operating means to 
constitute the means for changing the volume of the reser- 
voir. 

15 

7. The catheter assembly of claim 6 including an 
operating wire extending axially through the guiding 
catheter from the proximal end thereof to the proximal end 
wall of the chamber, said operating wire connecting r*e 

20 proximal end wall of the chamber to the operating means. 

8. The catheter assembly of claim 7 wherein said 
operating wire is tubular. 

25 9. The catheter assembly of claim B further includ- 

ing a guide wire extending axially through the tubular 
operating wire and through the reservoir, to protrude 
beyond the distal end of the guiding catheter. 

30 10- The catheter assembly of claim 2 including an 

injection catheter disposed within the guiding catheter, 
said injection catheter having the reservoir formed therein 
and defined by deformable 9ide walls, the operating means 
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being operable to compress the reservoir to expel liquid 
contents thereof through the injection needle. 

11- The catheter assembly of claim 10 wherein the 

operating means comprises a source of fluid pressure 
applicable to the exterior of the deformable side walls of 
the reservoir to effect compression thereof. 

12. The catheter assembly of claim 1 including an 

injection catheter disposed within the guiding catheter, 
said injection catheter having the reservoir formed therein 
as a narrow, axially extending lumen, connected at its 
proximal end to an operating means in the form of a syringe 
of liquid operable to apply liquid pressure to expel liquid 
from the lumen through the injection needle. 
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